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. They can be used in the same way as the main isotope, but also by looking at the isotopic ratio, i.e., the amount of heavy isotopes compared to the main isotope. The isotopic ratio would be especially useful to study when determining whether an air parcel has been formed inside the stratosphere from methane oxidation or if it is transported in from the troposphere (see section 2). This could give important information about STE in the tropical region but it could also be a way to obtain a better knowledge of STE at midlatitudes. The fact that the isotopic ratio of water vapor formed in the stratosphere is different from that of water entering from below also makes it possible to study the "age of air" and mixing between different regions of the stratosphere (subtropical barriers, polar vortex).
In this work, a one-dimensional model has been constructed to simulate the isotopic ratio of water vapor in the tropical stratosphere. The purpose of these simulations is to help our understanding of how the isotopic ratio changes with altitude. It is also part of the preparatory work for the Odin satellite (see a further discussion in section 6.3). The model is currently designed for simulations in the tropical region. The input of water vapor follows an annual cycle according to the tape recorder theory, with large injections during Northern Hemispheric summer and small injections during winter [Mote et al., 1995 [Mote et al., , 1996 . A large-scale ascending mo- 
Theory
The mechanisms that affect the isotopic ratio of water in an air parcel can be of a different nature. For example, the heavier water isotopes have a lower vapor pressure than the main isotope and are therefore enriched in the condensated phase. This effect is known as vapor pressure isotope effect (vpie) [Jancso and van Hook, 1974] and occurs both during evaporation and condensation of water. In general, the vpie is the dominating fractionation effect; however, an additional, kinetic fractionation effect exists, which is mainly important during evaporation processes [Merlivat and Youzel, 1979] . This fractionation effect is related to the slightly lower diffusivity of the heavier water isotopes.
In the troposphere an air parcel can go through many phase changes and experience many different temperatures, especially in the tropics with its deep convective cells. Following the so-called Rayleigh fractionation, taking these fractionation processes and their temperature dependence into account [Dansgaard, 1964] The isotopic ratio of water vapor produced inside the stratosphere will be determined by the isotopic content of its sources. Since the only production of water vapor is through methane oxidation the amount of HDO will reflect the isotopic content of methane. The D/H ratio for methane is larger relative to that for water vapor and has a delta value of about -50%o to -100%0 in the troposphere and lower stratosphere [e.g., Rinsland et al., 1991; lrion et al., 1996] .
The relative amount of HDO in the total water content is therefore expected to increase with altitude in the stratosphere. At the tropopause it will be very low
•D=-500%0 to -600%0, and at 50 km we expect a action; according to Kaye [1987] this reaction is about 1% slower; 
Since we also have transport by advection included, the diffusion coefficient here is a little less than the values given by Owens et al. [1985] where the only vertical transport was due to vertical diffusion.
Boundary Conditions
Inflow at the lower boundary, simulating input from the troposphere, is prescribed for the long-lived species, for example, water vapor and methane, and their isotopic equivalents. A virtual layer is created below the lowest model layer in which the mixing ratios for these compounds are prescribed. All mixing ratios except wa- We found that this is a good estimate of a mean value of measurements at the top of the tropopause (see section 2).
An annual variation of the input 5D value can also be simulated by varying the relative amplitude of the H20 and HDO cycles. If the relative amplitude of the HDO input cycle is the same as that of H20 (one third of the respective mean value), the 5D value will be constant in time. If the relative HDO amplitude is higher, we will create a stronger depletion during winter and less depletion during the summer season. The opposite effect is created if the relative amplitude of the isotope input wave is lower than that of H20.
How the annual cycle of the delta value for water vapor should be chosen is not known at the moment.
In section 6.2 we will discuss how the different scenarios will affect the vertical profile of dD.
The CHaD mixing ratio at the tropopause is assumed to be 9.9 x 10 -4 ppmv, while the unsubstituted methane Another difference between the two is that the wave pattern is somewhat exaggerated in the model (also seen in Figure 1 ). This is probably due to mixing of air with the subtropics through the subtropical barriers. The tropical region is not completely isolated, and such mixing is not included in the model.
Isotopic Ratio Results
We do not present here any profiles of HDO itself but rather of the isotopic ratio. This is a measure of how well we simulate HDO if the H20 profiles are realistic. In the first simulation we set the isotopic ratio at the tropopause to a constant value (no annual variation), 5D---580%0. In Figure 2 These results, both the model and the measurements, show that the isotopic ratio will not fully reflect the isotopic ratio of methane at 1 hPa. The reason for this is that the D/H ratio here will still be influenced by the tropospheric H20.
Discussion
The isotopic ratio in the model increases with altitude from between 5D=-500%0 and -600•o0 at the tropopause up to around -3000/00 at I hPa. This is what we expect according to theoretical assumptions. The few observations that exists also show isotopic ratios similar to this. Even though the model gives realistic results there are several unsolved questions that can affect the profiles of the isotopic compounds and the resulting isotopic ratio of water vapor. We will discuss a few of them here and try to determine how large their effects are. at 50 km changed from -3600/00 to -370%0.
Input Ratio
The isotopic ratio at the top of the troposphere and how much of it is injected (through the tropopause "cold trap") is another big uncertainty. It is not only the absolute value that is uncertain but also if there is an annual cycle in the input isotopic ratio, and how large its amplitude would be.
It is very likely that the input ratio will vary throughout the year. Since the isotopic fractionation is temperature dependent (see section 2), it is very probable that the tropopause temperature will affect the isotopic ratio in the lowest part of the tropical stratosphere. The tropopause temperature is lowest during northern winter, and the depletion would therefore be most severe during this season. One reason for the very low temperatures is the strong convection during the same season. The isotopic fractionation due to the vapor pressure effect during condensation is thus expected to be very strong as well. On the other hand, it may also suggest that the "ice lofting" is strongest at the same time. This would, in that case, imply that the isotopic ratio would be less depleted during northern winter. During the northern summer season the convection is less strong, but on the other hand, more widely spread over larger areas (during winter it is mainly over Indonesia). This may cause a larger "net depletion" which enters the stratosphere. If an annual cycle in the input ratio is included the •D value at the highest layers does not change. The vertical diffusion smears out the wave pattern that is caused by the varying isotopic ratio. Depending on which season the isotopic ratio is lowest the "tape recorder wave" will change phase. Apart from this, the different seasons are similar. The amplitude of the input variation causes the wave to extend higher or lower in altitude.
Effect of Retrieval Errors
The model described in this paper was originally constructed as part of the preparatory work for Odin . Odin is a small satellite that was launched February 20, 2001. It will be able to measure water vapor and its isotopes. The measurements will, of course, be contaminated with noise. The question is then how much an error in the measured H20 and HDO profiles will affect the isotopic ratio profile.
To investigate this, we assume that we can retrieve the HDO profile from a measurement, for example, by the Odin satellite, within 10% of the true value. At the same time, H20 is retrieved within 5%. These precisions will probably be dii•cult to obtain for single profile retrievals. By using zonal averages however, we can increase the signal to noise ratio considerably. The "error intervals" we obtain for the •D signal are indicated in Figure 4 . It is obvious that the wave pattern in the vertical profile, superimposed as the dotted line, cannot be resolved unless the amplitude is larger than 50-70%0.
We would thus need to retrieve the water vapor and deuterium profiles better than assumed here. Retrievals
